While there is no doubt that regional lymph node metastases are an enormously important factor in melanoma staging and treatment, the biology behind this significance and its precise implications for treatment planning have been a leading controversy in melanoma and other solid tumors for over a century. Recent clinical data, including data from prospective randomized clinical trials have refined our understanding of the process of nodal metastases and the advantages and disadvantages of different clinical management strategies. This review presents two points of view in this debate and discusses the results of new data analyses as well as pivotal clinical trials informing the discussion.
In melanoma, the presence or absence of nodal metastases has been recognized as a critically important factor in treating patients for generations. However, the nature of that importance has been the subject of intense debate. Two camps have developed among those who care for patients with the disease: those who believe lymph nodes are an incubator for sequential progression and metastasis, and those who believe lymph nodes represent only a marker of any melanoma's metastatic potential. The debate has had significant practical implications in treatment, particularly with regard to the management of regional nodes in the absence of clinically-apparent disease at the time of diagnosis. This review presents two sides of the debate in its first two sections. Although the authors' actual views on this topic may 1 3 be more nuanced, each side of the debate is forcefully presented in the hopes of allowing the reader to grasp the depth of conviction of those holding that position. In reality, each point of view likely has some validity, with variable applicability to each individual patient.
Both sides of the debate recognize the staging value of regional lymph nodes. This review goes on to provide additional data analysis to refine this prognostic understanding. Nodal stage has been categorized by the method of detection of nodal metastases (i.e. clinically occult versus clinically apparent metastases), but there may also be qualitative differences between lymph nodes in the regional basin. This is discussed by Dr. Reintgen and colleagues, who demonstrate that the presence of metastases in non-sentinel lymph nodes results in a markedly worse prognosis. This effect appears more important than the absolute number of involved lymph nodes, which is the standard indicator used in the current staging system. They go on to show that the prognostic impact of nodal metastases changes during follow up as well. When examined at the time of diagnosis, nodal metastases have an enormous impact on the risk of metastasis and death. The longer patients go without recurrence, though, this added risk becomes smaller and smaller so that after 4 years disease-free, their risk approaches that of node-negative patients.
Finally, even in at a time when a "debate" can argue the merits of incubators and markers, the practical aspects of management of regional lymph nodes has become much more standardized than was previously the case. This is only possible through extensive work done through clinical trials. Dr. Caracò reviews these trials and their implications to treatment.
Sentinel lymph nodes represent incubators for metastasis

Mark B. Faries
"It is essential to remove, whenever possible, those lymph glands which first receive the infective protoplasm, and bar its entrance into the blood, before they have undergone increase in bulk. This is 'Anticipatory Gland-Excision', a simple common-sense measure, adding nothing to the gravity of a surgical operation, while most materially enhancing its efficacy." [1] .
This assertion, made in The Lancet in 1892 by Herbert Snow, a surgeon at the London Cancer Hospital, is the opening salvo in a battle that has raged in various forms for over a century. The debate has affected not only melanoma treatment, but that of breast cancer, lung cancer, esophageal cancer and many other solid tumors. Through the accumulation of clinical data, we have been able to refine our understanding of the issues surrounding the debate and improve our treatment of patients. However, controversy remains and the medical community continues to work toward a comprehensive understanding of staging, surgical treatment and tumor biology. In this section, the position supporting Snow's point of view will be presented.
Why sequential nodal disease progression is intuitive
For as long as melanoma has been recognized as a disease, its ability to spread to regional lymph nodes has been observed [2] . The tendency for melanoma and many other solid tumors to spread first and often exclusively to regional lymph nodes was clear historically and remains clinically apparent today. Examining Surveillance Epidemiology and End Results data from 2007 to 2013 among patients presenting with melanoma metastases, the ratio of regional nodal disease to distant metastases was 2.3: 1 [3] . This suggests that there is a strong tendency for malignant progression first to lymph nodes and only subsequently to distant sites. The ratios are even more biased in the case of breast cancer, thyroid cancer, oral cancers, cervical cancer and others. So it was natural to presume early removal of metastases in lymph nodes would improve outcomes by interrupting the metastatic cascade. So elective removal of lymph nodes even prior to patients developing clinically apparent metastases became a standard treatment recommendation in many instances.
However, as time went on, several things became apparent. First, in most cases of primary melanoma, the regional lymph nodes are normal. Second, complete dissection of regional nodes carries the risk of morbidity including wound complications, nerve injury and lymphedema. Finally, laboratory experiments demonstrated that lymph nodes do not function as mechanical filters, based on the observation that tumor cells injected into lymphatic channels could be rapidly detected in efferent lymph fluid, having passed through a draining lymph node [4] . These findings led some to challenge the concept of elective node dissection and practice observation of regional nodal basins with intervention only when disease became clinically apparent. In melanoma, there were several trials conducted to examine the value of elective node dissection, and the overall results of these trials did not identify a statistically significant survival advantage for early dissection, leading some to conclude that the marker hypothesis was correct.
Why were the initial assumptions not borne out?
As it turns out, the biological question at the root of this debate was not as simple as was initially assumed. Indeed, lymph nodes are not mechanical filters for cancer cells, but this is not required for the incubator hypothesis to be correct. What is needed is for lymph nodes to provide a relatively favorable environment for the persistence, growth and metastatic development of malignant cells, and these conditions do appear to be present. Lymph nodes draining a primary melanoma site are prepared for the arrival of melanoma cells through induction of lymphangiogenesis there, and for the survival of melanoma cells through selective immunosuppression [5] [6] [7] . Such a safe haven is often the only site of disease after excision of the primary tumor and allowing this disease to persist and grow in that location for 1-2 years prior to clinical detection is likely to allow more distant metastases that could have been prevented by early removal. This sequential spread is apparent from data from the first Multicenter Selective Lymphadenectomy Trial (MSLT-I) in which patients were randomly assigned to immediate nodal staging by sentinel node biopsy or to observation [8] . Observed patients who developed clinically apparent nodal disease had an average number of involved nodes that was more than twice the number seen with immediate removal. This clearly demonstrates the potential for melanoma to spread at least from node to node, and probably to distant sites as well and suggests that, despite the lack of filtration, incubation of tumor cells is likely occurring in the regional nodal basin.
What about the randomized clinical trials that are frequently described as "negative" and proving no difference in outcome based on early nodal surgery? In fact, there are three aspects of these trials that are generally overlooked by proponents of the marker hypothesis, which should change our conclusions. First, the trials did not have adequate statistical power to truly answer the question. Second, the trials do not, in fact, ask a question of nodal treatment versus no nodal treatment. They only ask about early nodal treatment versus later nodal treatment. Third, there are trials in other malignancies that show significant overall or disease-specific survivals based on early (elective) or more extensive nodal treatment. Finally, observations of consistent benefit in certain patient populations are discounted out of hand as of no value.
The sample size of reported randomized trials of elective lymph node dissection in melanoma and other tumor types was frequently too small to give a reasonable possibility of showing a significant benefit [9] [10] [11] [12] [13] [14] . Most patients in these studies had pathologically negative lymph nodes, limiting the fraction of patients who could possibly derive a survival benefit. The overall small sample sizes precluded statistical significance even when a clinically significant difference in outcomes was observed. For the melanoma trials, this was true in every instance, with survival benefits for dissection in every case, but never to a statistically significant degree. P-values of 0.11 (WHO #14), 0.12 (Intergroup) and 0.18 (MSLT-I), all in favor of early treatment suggest that the increased survival may not be random and certainly preclude any definitive conclusion that the two treatments are equal.
From a biological perspective, the only way to determine if the incubator or marker hypothesis is correct would be to randomize patients to nodal treatment or no nodal treatment. In fact, none of the trials do this. They randomize patients to early treatment versus late treatment (e.g. melanoma elective node trials), more treatment versus less treatment (e.g. gastric D1 versus D2 [15] , esophageal trials [16] , lung trials [17] ) or surgical treatment versus other treatment modalities (e.g. ACoSOG Z011) [18] . While these are appropriate randomizations to ask the relevant clinical questions, they do not provide definitive insights for the biological question.
It is also important to note that there are examples of statistically and clinically significant improvements in either overall-or disease-specific survival based on earlier or more nodal surgery. These include a randomized trial in oral cancer in which patients were randomized to either immediate, elective node dissection or to observation with dissection in the event of nodal recurrence [19] . This trial showed significantly improved overall survival for the elective dissection group (80.0 versus 67.5% at 3-years). The Dutch gastric cancer trial randomized patients to either limited (D1) or extended (D2) lymphadenectomy [15] . Although an excess of operative mortality in the D2 group prevented an overall survival benefit, examination of gastric cancer-specific mortality showed a significant advantage for the more extensive dissection group (HR 0.74 95% CI 0.59-0.93, p = 0.01). This indicates there was a biological effect of dissection, though it was counteracted clinically by increased operative mortality.
The final, and perhaps most important issue is that of subgroups. In general, analyses of subgroups within clinical trials is viewed with suspicion as an effort to pull a positive result from a negative trial. While this is a valid concern, in the case of nodal treatment in melanoma, it may be appropriate to examine the issue of subgroups if we are to understand the underlying biology of the disease and treat our patients appropriately. Since we have already seen that the currently available evidence is not able to definitively end debate, identification of consistent and biologically plausible subgroups who do or do not seem to benefit from early treatment is a reasonable approach. One of the best such analyses involves primary melanoma thickness, which influences the potential benefit of intervention. For the thinnest melanomas, the risk of nodal metastasis is very small. This means that no reasonable trial could be done to include enough patients to demonstrate a statistical benefit. In thick melanomas, the risk of distant metastasis at the time of diagnosis is high, so even in the presence of nodal metastases, a survival benefit is impossible. It is only in the intermediate thickness group that the probability of nodal metastasis without distant metastasis is high enough to show benefit. Examining the clinical trial results consistently shows this to be true.
In the WHO#1 trial, the WHO#14 trial, the Intergroup trial and MSLT-1, there was strong evidence, statistically significant in some cases, of a survival benefit for early treatment when the intermediate thickness group was examined (Table 1) [8, 9, [12] [13] [14] 20] . There was no hint of a benefit in any of the trials for thicker melanomas. This finding is remarkably consistent among these multiple, independent prospective data sets. Indeed, a metaanalysis on this subject revealed no overall significant therapeutic effect, but a highly significant benefit (p < 0.0001) for patients with intermediate-thickness melanomas (0.76-3.99 mm) [21] .
Conclusion
Overall it appears the incubator hypothesis is well supported by available information. The most basic observations of the metastatic behavior of most solid tumors indicates that the lymphatic route is the preferred initial mode of tumor dissemination. Although lymph nodes do not function as mechanical filters for tumor cells, the relative ease of arrival and protection from immune-mediated destruction there make regional nodes ideally suited to incubate tumor cells while their metastatic potential increases. Finally, a mature examination of the results of randomized clinical trials in this area shows that the data are very consistent with a therapeutic effect of lymph node dissection in biologicallyappropriate subgroups.
Sentinel lymph nodes represent a marker for metastasis
Dale Han
Introduction
The clinical implications of nodal metastasis have been long debated, and over the past century, several theories were developed to explain the biology of cancer spread [22] [23] [24] [25] [26] .
Within this background, Morton reported on sentinel lymph node biopsy (SLNB) in 1992 as a less invasive way to evaluate nodal status in patients with melanoma [27] . SLNB was revolutionary, but the technique heightened the debate on the biology of cancer metastasis. This is because two theories emerged to explain the biology of SLN metastasis [28] . The first was the "incubator hypothesis" which was an extension of the "spectrum theory" of metastatic spread [23, 28] . In the incubator hypothesis, it was theorized that the SLN functioned as an incubator, allowing for deposits of melanoma within the node to develop further metastatic potential, thereby increasing the risk for subsequent and sequential distant spread. The incubator hypothesis implied that treatment of nodal disease had the potential to halt distant metastases and improve survival by preventing disease incubation in the nodal basin. Therefore, locoregional therapy had a potentially important role in the incubator hypothesis to prevent disease persistence and decrease opportunities for cancer cells to develop into metastatic lesions.
In contrast, the second theory describing the biology of SLN metastasis, known as the "marker hypothesis", promoted the ideas that nodal metastasis simply indicated distant microscopic spread of disease and that systemic therapy was needed to positively affect outcomes in patients with SLN disease [28] . The marker hypothesis was based on the "systemic theory" of cancer spread [22] . In the "systemic theory" of metastasis, clinically-evident localized primary cancer is only an indicator of early distant metastasis. Lymph node disease is simply a marker of clinically-occult distant metastasis, and cancer is fundamentally a systemic disease. Therefore, locoregional therapy, including lymphadenectomy, has limited efficacy and systemic therapy is needed to affect survival in patients with cancer.
The validity of each theory of SLN biology has been extensively debated, and there is no consensus as to which theory is correct. However, data is now emerging which appears to favor one of these theories. A central tenant for the incubator hypothesis is that treatment of nodal metastasis can prevent the development of distant disease and thereby [29, 30] . These large clinical trials provide evidence that the presence of nodal metastases simply provides a prognostic marker to indicate patients who are at higher risk for developing distant disease. Therefore, removal of nodal disease has limited benefit, and primary tumor biology may essentially drive the development of distant metastasis.
Primary tumor biology drives the development of distant metastases
There is data to suggest that the biology of the primary tumor predominantly drives prognosis and that nodal status is simply a marker of the aggressiveness of the primary melanoma. Thickness and ulceration are validated prognostic primary tumor markers that have been incorporated into American Joint Cancer Committee (AJCC) staging system. In patients with localized disease (stages I and II), survival appears similar to the survival seen in patients with N1a and N2a disease in the 7th edition AJCC staging system for melanoma [31] . This would imply that primary tumor biology appears to drive prognosis and the development of distant metastasis as much as the presence of microscopic nodal disease. In fact, the overriding importance of primary tumor characteristics in determining prognosis is evidenced by the fact that the new 8th edition AJCC staging system for melanoma now incorporates thickness in addition to ulceration status to define Stage III disease [32] . This would again imply that the biology of the primary tumor appears to drive prognosis as much as the presence of nodal disease. Furthermore, in looking at MSLT-I data, specifically rates of developing distant disease as first site as stratified by thickness and nodal status, one sees the predominance of primary tumor characteristics in driving the development of distant metastases [14] . In negative SLN patients, as primary tumor thickness increases, the rate of developing distant disease increases. For instance, in patients with intermediate thickness melanomas, 12% of negative SLNB patients (77 distant metastases as first site in 643 negative SLN patients) developed distant disease as first site which increased to 24.1% in patients with thick melanoma (28 distant metastases as first site in 116 negative SLN patients) [14] . This shows that in patients with no microscopic nodal disease, thickness is one of the primary factors driving the development of distant disease. However, in patients with a positive SLNB, distant metastases as first site was 24.6% in patients with intermediate thickness melanoma and was similar at 26.3% in patients with thick melanoma [14] . Although the rate of distant metastasis as first site was higher in positive versus negative SLN patients in the intermediate thickness group, the rate of distant metastasis as first site was essentially the same between positive and negative SLN patients in the thick group (26.3 and 24.1%, respectively). This would suggest that regardless of nodal status, primary tumor thickness may ultimately drive the development of distant disease and that detection of SLN metastasis simply selects out patients who have disease with the propensity to metastasize in the intermediate thickness group.
Does treating nodal metastases halt the progression of disease?
The incubator hypothesis theorizes that treatment of nodal disease through lymph node dissection has the potential to control and stop the progression of disease, thereby improving survival. Therefore, the incubator hypothesis implies that treatment of the smallest volume of SLN metastases has the potential for the greatest effect. Several clinical trials have evaluated the effect of lymphadenectomy on outcomes in melanoma patients, specifically in patients with micrometastatic nodal disease. The benefit of nodal dissection was first questioned by studies evaluating elective lymph node dissection (ELND). Overall, four large clinical trials assessed ELND in clinically node-negative melanoma patients and showed that performance of ELND to control micrometastatic nodal disease did not improve survival [33, 34] . Only the Intergroup Melanoma Trial showed improved survival with ELND in very specific subgroups, such as in patients with tumors of 1-2 mm thickness or with non-ulcerated tumors [33, 34] .
SLNB was then developed as a less extensive means to determine nodal status. MSLT-I showed that detection of nodal micrometastases was prognostic and was the most powerful predictor for recurrence and death from melanoma in patients with intermediate thickness melanoma [14] . However, performance of SLNB with subsequent completion lymph node dissection (CLND) for patients with a positive SLN was not shown to improve melanoma-specific survival when compared with patients who were observed and had a subsequent therapeutic lymphadenectomy for a nodal recurrence (HR 1.12, 95% CI 0.76-1.67; p = 0.56) [14] .
It should be noted that MSLT-I was not powered to show a survival difference between the treatment arms, and a subsequent study, MSLT-II, was conducted to determine if CLND for a positive SLNB provided a benefit. Retrospective data had already suggested that there was no survival difference between positive SLN patients who did and did not have a CLND [35] . In MSLT-II, positive SLN patients were randomized to either immediate CLND or observation with subsequent lymphadenectomy for a nodal recurrence [29] . The results of MSLT-II were recently published and showed that performance of CLND and early treatment of nodal metastases was not associated with a melanoma-specific survival benefit (HR 1.08, 95% CI 0.88-1.34; p = 0.42) [29] . Furthermore, a study from Germany, DeCOG-SLT, also randomized positive SLN patients to either nodal observation or immediate CLND [30] . The results of this trial again failed to demonstrate an overall survival benefit for CLND (HR 0.96, 90% CI 0.67-1.38; p = 0.87) and also reported that in patients with the smallest size of metastatic melanoma in lymph nodes (≤ 0.1 mm), no difference was seen in distant metastasis-free survival between patients who did and did not have a CLND [30] . Therefore, collectively these results show that control of nodal disease does not prevent the development of distant disease and ultimately death from melanoma. However, although the performance of CLND does not influence survival, the presence of additional nodal disease in the CLND specimen is prognostic for worse survival as reported in MSLT-II (HR 1.78, 95% CI 1.19-2.67; p = 0.005) [29] . All of these data point to the fact that detection of nodal disease portends worse survival, but treatment of the nodal metastases does not prevent distant metastases nor does it affect survival as shown in the ELND, SLNB and CLND studies.
Conclusions
Two models have been hypothesized to explain the biology of SLN metastases. The incubator hypothesis theorizes that treatment of nodal disease has the ability to potentially prevent distant metastasis and thereby improve survival. In particular, treatment of smaller deposits of nodal metastases, such as micrometastatic disease, has the potential to provide the greatest benefit since there is less time for disease incubation. However, clinical data clearly shows that treatment of nodal disease whether as ELND, SLNB or CLND does not prevent the development of distant disease nor does it improve survival. Furthermore, treatment of nodal metastases at the lowest volume of disease (nodal micrometastases ≤ 0.1 mm) does not prevent the development of distant metastases. In contrast, it appears that primary tumor biology predominantly determines the risk for the development of distant disease and that the presence of nodal disease serves as only a marker for micrometastatic disease elsewhere. A preponderance of data is now accumulating which appears to support the marker hypothesis to explain the biology of SLN metastasis, although it is possible that both the incubator and marker hypotheses may be correct in specific subsets of patients.
Nodal staging and conditional survival in patients with melanoma
Michael Reintgen, Lauren Kerivan, Douglas Reintgen
The definition of a sentinel lymph node (SLN) in patients with malignant melanoma is any node in the regional basin that has a direct connection to the primary site via an afferent lymphatic [36] . This purely anatomical definition explains how lymphatic mapping works by injecting small particle agents (vital blue dye and radiocolloid) around the primary site to be taken up by afferent lymphatics that flow into the regional basin and are trapped in the first nodes encountered, the SLNs. Very little of the mapping agents pass through the SLN and the same can be said of metastatic melanoma cells. Likewise, once metastatic melanoma cells enter a SLN, the SLN does a remarkable job limiting the disease spread in the regional basin. Evidence for this is derived from the fact that if patients have nodal spread (Stage III), 85% of the time it is confined to the SLN. Only 15% of patients with a positive SLN have disease beyond the SLN [37] .
The hypotheses that the disease status of NSLNs will have an important impact on recurrence and overall survival in melanoma patients with a positive SLN was investigated. Does a patient with only SLN involvement with metastatic disease have a better prognosis than a patient with SLN and NSLN metastatic disease regardless of the number of nodes involved?
The melanoma database at USF was established in 1989 and currently has registered over 15,000 patients with the disease with relatively complete pathologic and followup data. The database was queried to abstract all patients with clinical negative exams in their nodal basin who were later found to have metastatic disease in their SLN with the lymphatic mapping technique. Patients were eligible for the study if they had the following characteristics: (1) a documented diagnosis of invasive melanoma, (2) received a SLN biopsy with at least one SLN positive for metastatic disease by routine pathology (H&E with or without immunohistochemistry), (3) received a completion lymph node dissection (CLND) within 3 months from the date of SLN biopsy, (4) had no evidence of distant metastases (Stage IV disease) at the time of CLND.
The 5 year DFS for the 1 node positive, 2-3 nodes positive and 4 or more nodes positive groups were 58, 47, and 15% respectively, confirming the validity of the current nodal staging system for melanoma. If disease is confined to the SLNs, prognosis is improved compared to those patients with positive SLNs and NSLNs. Patients with Stage III metastatic melanoma, which is disease that has spread to the regional basin, are a heterogeneous group. The AJCC melanoma staging database examined 2313 patients with Stage III disease and found that 81% had micrometastases [38, 39] . The 5-year OS was 67% for patients with nodal micrometastases versus 43% for those with macro-metastases (palpable, clinically evident disease). Multivariate analysis demonstrated that for patients with micrometastases, number of tumor-containing lymph nodes, primary tumor thickness, patient age, ulceration and anatomic site of the primary independently predicted survival (all p < 0.01). The nodal metastatic distribution between SLN and NSLN involvement was not in the analysis.
The concept of lymphatic mapping and SLN biopsy has revolutionized the surgical treatment for the nodal staging of patients with melanoma and breast cancer who may have microscopic nodal involvement. Very quickly, this technique became the standard of care since it resulted in a less morbid procedure that improved the accuracy of staging by performing a more detailed histologic examination of the SLN, a win-win situation for patients with melanoma. There does appear to be an orderly progression of nodal metastatic disease, initially involving the SLNs. Little has been written about the distribution of metastases in the regional basin.
Does tumor progression beyond the SLN imply a larger quantity of disease reaching the regional basin and overwhelming the trapping mechanisms of the SLN so that higher echelon nodes become involved? One potential explanation for the poor survival in the NSLN-positive patients may be influenced by the method of detection. The patients with metastatic melanoma in their NSLN had disease detected by H&E staining alone, perhaps representing a group of patients with significant tumor burden. In contrast, SLNs are examined with more sectioning and immunostaining, detecting more disease. Or, do these findings suggest an aggressive tumor biology with metastatic cells that have a more malignant phenotype that allows low volume disease to escape the immunologic barriers in the first node encountered, the SLN. It will be important to examine the characteristics of the metastatic cells in the SLNs versus NSLNs to determine if distinct genetic or immunologic differences exist that allow the melanoma cells to escape beyond the SLNs.
The main factor in the current AJCC N-staging system for patients with malignant melanoma is number of nodes positive with metastatic disease. There is emerging data that suggests that actually the distribution of metastases in the regional basin is important, in regards to SLN only versus SLN and NSLN disease. The study from USF concluded that the pattern of regional node involvement in patients with malignant melanoma is a powerful predictor of outcome independent of the total number of nodes positive [40] . In this report, DFS remained the same despite an increasing number of SLNs involved with disease and it was only when the disease spread beyond the SLN to neighboring NSLN that prognosis decreased. The findings of this study and others in the literature have implications for the N-staging system for melanoma.
Conditional survival in melanoma
Malignant melanoma is epidemic in the State of Florida and the cause of the majority of skin cancer deaths. Providing an accurate prognosis to patients diagnosed with cancer is an important role of the oncologist. Although traditional survival estimates for patients with melanoma at 5 and 10 years from the time of diagnosis have been reported in the literature, there is a lack of current data predicting future survival for patients who survive a number of years after diagnosis. A patient's risk profile changes with time, such that the prognosis for a patient several years post-diagnosis or treatment without a recurrence will differ from the estimate provided upon initial diagnosis. Conditional survival (CS) and conditional disease free survival (CDFS) estimates, or future disease-free and survival assessments based on the time a patient has already survived, have been proposed as a better way to predict long-term prognoses for cancer survivors and is more meaningful information for patients and their families [41, 42] . CS and CDFS estimates account for the dynamic nature of hazard rates for patients with cancer and, thus, have been increasingly used to provide more relevant risk predictions for patients with primary malignancies. CS calculations have also been used in the medical/legal world to determine the merit of cases and in the defense of physician practices in the United States and in the insurance industry to determine rates for coverage. Reliable data can only be generated from large databases of patients with long term follow-up in place, such as the USF Melanoma Database.
There were a total of 7531 melanoma patients in the study who received their care at the University of South Florida. The distribution of patients according to the Stage of Disease at diagnosis was 53.4, 32.5, 11.1, and 3%, for Stages I-IV melanoma respectively. For all stages of disease, as patients with melanoma were followed without recurrence or death, the prognosis improved. For Stage I patients, the 5-year DFS calculated from diagnosis increased from 61.7 to 93.2% if patients survive up to 4 years without recurrence. Similar trends were noted for Stages II-IV disease. For Stage I patients, 5-year OS from date of diagnosis also increased from 88.8 to 98.6% if patients survived 4 years. 5-year OS at any period of time during the recurrence free follow-up period was similar for patients with Stage I (88. 8 This study showed that prognosis improves for melanoma patients if they survive during the follow-up period without recurrence. This was observed for all stages of disease. These data provide more meaningful recurrence and survival information for patients and their families, for clinicians, for lawyers in the medical/ legal system, and for the insurance industry [43] .
Role of sentinel lymph node staging in melanoma clinical trials
Corrado Caraco
Introduction
Since the introduction of this procedure in 1992, many trials were conducted to assess its staging and therapeutic role. Initially the procedure was analyzed to test the safety and efficacy in the short and long term outcome, if it is at least as effective and/or safe as existing proven techniques and to verify the prognostic role and the prognostic factors correlated to the outcome. The first Multicenter Selective Lymphadenectomy Trial (MSLT-I), comparing the procedure followed by immediate complete lymph node dissection in positive patients versus observation only, and final results showed that, for intermediate-thickness or thick primary melanomas, sentinel biopsy provided important prognostic information and permitted to identify patients with nodal metastases who may benefit from immediate complete lymphadenectomy [14] .
The value of completion lymph node dissection (CLND) for patients with SLN metastases remain unclear and two randomized trials were designed to clarified it: the MSLT-II and the DeCOG trial [29, 30] . In both trials sentinel node positive patients were randomized to compare completion lymph node dissection (CLND) to observation with frequent nodal ultrasonography and melanoma specific survival or distant metastases-free survival as primary endpoints. Both trials showed no benefit on CLND on overall survival, but many limitations need to be considered in the making decision and in the discussion with patients about risks and benefits of each approach.
Results from DeCOG trial
DeCOG-SLT is a multicenter, randomized, phase 3 trial comparing survival of sentinel lymph node biopsy positive patients with melanoma with and without complete lymph node dissection recruited from 41 German skin cancer centers. 483 patients were randomly assigned to either the complete lymph node dissection group (242 patients) or the observation group (241 patients). The primary endpoint was distant metastasis-free survival, calculated from the date of randomization to the date of diagnosis of first distant metastases, date of latest follow-up visit, or date of death by any cause.
The study was closed early due to projected time to complete accrual being much longer than planned, and the event rate being lower than expected, leading to the trial being underpowered. Follow-up compliance was similar in the two treatment groups with a median follow-up time of 35.5 months in the observation group and 33.0 months in the complete lymph node dissection group and is very low considering that in the MSLT II trial, in a larger group of patients, it was necessary a mean follow-up time of about 43 months to evaluate final results.
The results showed a 3-year overall survival of 81.7% in the observation group and 81.2% in the complete lymph node dissection group while 3-year recurrence-free survival was 66.8% in the complete lymph node dissection group and 67.4% in the observation group. The multivariate proportional hazards regression analysis of survival outcomes in the intention-to-treat population showed that tumor load in the sentinel node and primary tumor thickness were the most important prognostic factors both for overall survival and recurrence-free survival.
The conclusion of the trial was that complete lymph node dissection should not be recommended in patients with melanoma with lymph node micrometastases of at least a diameter of 1 mm or smaller.
There are some limitations to be considered in the analysis of these data: a. Most enrolled cases were T3-T4 with a lower impact of nodal status on the outcome, due to a higher risk of systemic disease; b. In 55% of cases were removed 2-3 sentinel node like a mini nodal dissection, reducing the possibility of further positive non-sentinel node in the treated lymphatic basin; c. More than 90% of cases had one positive sentinel node and about 70% of them with a tumor burden within sentinel node less than 1 mm in size. This mean a minimal risk of residual nodal disease;
d. About 30% of cases had positive non sentinel node in the completion lymph node dissection, but no information was available about the number of positive lymph nodes after therapeutic nodal dissection in the observation group.
In the observation group were observed more regional lymph node recurrences than in the completion lymph node dissection group and were 15 versus 8% respectively. Despite the impact on overall survival, the regional control might lead to improve the number of involved non-sentinel nodes and change the prognosis, especially in a follow-up not perfectly controlled as in a clinical trial.
Furthermore, the considerations about the differences in morbidity in the two groups seems not evaluable in so different surgical procedures as well the absence of data on the number of positive lymph node in recurred patients in observation group, limits the overall evaluation of the delay of surgery.
Results from MSLT-II trial
MSLT-II is an international, multicenter, randomized, phase III trial to evaluate the usefulness of completion lymph-node dissection in patients with melanoma and positive sentinel node. The primary endpoint was melanoma-specific survival, secondary endpoints included overall survival, disease-free survival, survival without regional nodal metastases, distant metastases free-survival and the extent of nodal involvement. From December 2004 and March 2014, in 63 centers, 1939 patients were randomized.
At 3-years of follow-up melanoma specific survival was not statistically different between the dissection group and the observation group, also after adjustment for other prognostic factors. The analysis based on sentinel tumor-burden did not reveal any significant melanoma specific survival benefit from completion lymph node dissection. The 3-year disease-free survival was slightly higher in the dissection group than in observation group and means an increase in the rate of disease control in the regional nodes in the dissection group compared to observation group and was 92 and 77% respectively. The conclusions were that completion lymph node dissection increased the rate of regional disease control and provided prognostic information but did not increase melanoma specific survival.
The analysis of the enrolled population leads to some consideration about possible bias that might underpowered the trial.
a. Most patients in the trial population had a low volume nodal tumor burden and were likely to have non-sentinel node metastases. This aspect reduced the potential value on overall survival of completion lymph node dissection and limited statistical confidence due a dilution of its therapeutic effect because three quarters of the population had metastases only in the sentinel nodes. b. Avoiding completion lymph node dissection means an accurate ultrasound follow-up. Are these patients able to perform frequent visits of follow-up and accurate nodal ultrasound everywhere? A delay in the diagnosis of nodal recurrence might be influence the increasing number of metastatic lymph nodes and impact on prognosis. c. Avoiding completion lymph node dissection create a lack of the information about the number of involved nodes and may impede the appropriate risk stratification and selection for adjuvant therapy. All Stage III adjuvant trials enrolled positive sentinel node cases after completion lymph node dissection and seems unbelievable to adopt adjuvant treatment without completion lymph node dissection or to replace it.
Discussion
The value of completion lymph node dissection in patients with positive sentinel node remain controversial because most cases have all nodal disease removed with sentinel biopsy and no additional nodal disease [44] . Nodal status remains an important prognostic factor completing the staging for adjuvant therapy purpose and the removal of nonsentinel node disease means an increased rate of regional disease control. Data from an Italian multicenter retrospective analysis on 1220 patients with positive sentinel node submitted to completion lymph node dissection permitted to design a predictive model to be used for patient risk stratification and decision making [45] . The multivariate analysis of this series showed that the risk of harboring metastatic non-sentinel node was higher when (a) the primary melanoma is thicker (median 3.6 mm); (b) the primary sited in the trunk/head and neck compared to the limbs; (c) fewer sentinel nodes are excised (less than 2 sentinel nodes removed); (d) more than one positive sentinel node removed; (e) the sentinel node metastases is extensive and deeper compared to subcapsular location only.
NCCN as well Italian National AIOM guidelines suggest to discuss with the patient the opportunity of completion lymph node dissection or an intensive follow-up: both are options for patients with low-risk micrometastatic disease, with due consideration of clinicopathological factors. The nomogram proposed by Italian retrospective analysis may be a predictive tool that enable the physician to discuss with the patient the likelihood of metastases in the non-sentinel node, and thus the convenience of performing further surgery after a positive sentinel node. 
